Background Developmental dysplasia of the hip (DDH) is a leading cause of total hip arthroplasty (THA) in younger patients. It is unknown how the hospital costs of THA in patients with DDH compare with patients with degenerative arthritis. Questions/purposes We undertook this study to determine (1) the hospital cost and length of stay associated with primary THA in patients with dysplasia compared with nondysplastic control subjects; (2) the hospital cost and length of stay of THA in severely dysplastic hips compared with mildly dysplastic hips; and (3) perioperative complications in patients with DDH compared with patients without dysplasia.
Abstract
Background Developmental dysplasia of the hip (DDH) is a leading cause of total hip arthroplasty (THA) in younger patients. It is unknown how the hospital costs of THA in patients with DDH compare with patients with degenerative arthritis. Questions/purposes We undertook this study to determine (1) the hospital cost and length of stay associated with primary THA in patients with dysplasia compared with nondysplastic control subjects; (2) the hospital cost and length of stay of THA in severely dysplastic hips compared with mildly dysplastic hips; and (3) perioperative complications in patients with DDH compared with patients without dysplasia.
Methods This matched-cohort study included 354 patients undergoing primary THA for DDH and 1029 age-, sex-, and calendar year-matched patients undergoing THA for primary osteoarthritis between 2000 and 2008. DDH severity was measured by the Crowe classification. An institutional database was used to calculate the cost of care. Using line item details (date, type, frequency, and billed charge) for every procedure or service billed at our institution for each patient, bottom-up microcosting valuation techniques were used to generate standardized inflation-adjusted estimates of the cost of each service or procedure in constant dollars. Generalized linear random effects models were used to compare length of stay and costs during hospitalization and the 90-day period after surgery. Query of a longitudinal institutional database was used to identify documented complications. Results Patients with DDH undergoing primary THA incurred higher hospital costs than patients with primary osteoarthritis (USD 16,949 versus USD 16,485, p = 0.012). Operating room costs (USD 3471 versus USD 3417, p = 0.0085) and implant costs (USD 3896 versus USD 3493, p \ 0.001) were higher in the DDH group compared with the osteoarthritis group. Length of stay was not different between the two groups (4 versus 4 days, p = 0.46). Crowe 4 hips had higher hospital costs than Crowe 1 hips (USD 21,246 versus USD 16,345, p \ 0.001) with an associated longer length of stay (5 days versus 4 days, p = 0.0011) and higher implant costs (USD 4380 versus USD 3788, p = 0.0012). There was no detectible difference in 90-day complications in the case group compared with patients undergoing THA for osteoarthritis. Conclusions Hospital cost of primary THA is approximately USD 450 higher in patients with DDH compared with osteoarthritis. Increased severity of dysplasia (Crowe classification) was associated with higher costs.
Introduction
Developmental dysplasia of the hip (DDH) represents 20% of patients younger than 50 years undergoing THA and 2.6% of all THAs performed [9, 12, 27, 32] . DDH includes a broad range of presentations, from deficient coverage of the femoral head to frank dislocation of the hip, leading to severe degenerative arthritis in midadulthood [23, 33] . Up to 17% of patients requiring open surgical management of a dislocated hip as a child may eventually come to THA [14] . In other cases, acetabular dysplasia is often asymptomatic until patients present with degenerative changes in early to midadulthood [23, 30, 31] .
As healthcare costs rise [24] , it is important to identify patient populations that consume a disproportionate amount of resources. The societal burden of THA for DDH as compared with degenerative arthritis has been only incompletely described [10, 19] . The DDH patient population undergoing THA differs from patients undergoing THA for primary hip osteoarthritis in that these patients tend to be younger, more active, and so they may place higher demands on the hip [8, 29, 35] . In addition, altered anatomy of the hip may cause increased surgical complexity at the time of arthroplasty (Fig. 1 ), and so this may result in increased costs. However, it is unknown whether THA for patients with DDH is more costly than THA for age-and sex-matched control subjects. If THA for patients with DDH is indeed more costly, it would be important to ascertain what contributes to the increased cost and whether this could be decreased with changes in surgical technique or perioperative care.
Therefore, we undertook this study to determine (1) the hospital cost and length of stay associated with primary THA in patients with dysplasia compared with nondysplastic control subjects; (2) the hospital cost and length of stay of THA in severely dysplastic hips compared with mildly dysplastic hips; and (3) perioperative complications in patients with DDH compared with patients without dysplasia.
Patients and Methods
This retrospective study was performed at a single tertiary referral center. Institutional review board approval was obtained for all aspects of the study, and patients who denied research authorization for use of their medical records were excluded from our analysis. Patients were identified through a comprehensive search of the institutional diagnostic and surgical databases and an institutional total joint registry. The complete medical and radiographic records of all potential patients with DDH were reviewed by the first author, and DDH-specific data elements were collected according to a prespecified protocol. DDH severity was assessed on radiographs using the Crowe classification by the first two authors [4] .
During the 8-year time period between January 1, 2000, and December 31, 2008, our initial search of a longitudinal database identified a total of 588 primary THAs performed in hips noted to have hip dysplasia. On detailed medical record and preoperative radiograph review, 33 hips were excluded as a result of insufficient radiographs, lack of radiographic evidence of DDH, or the result of lack of research authorization. An additional 40 hips were excluded as a result of concomitant diagnoses of neuromuscular disease, Legg-Calvé-Perthes disease, avascular necrosis, posttraumatic arthritis, slipped capital femoral epiphysis, impingement, protrusio, fibrous dysplasia, or tuberculosis because these diagnoses may contribute to the difficulty of the surgery, and our research focus was hips primarily affected by DDH. Of the remaining 515 hips, 103 hips were excluded from our analysis as a result of absent cost analysis data, and 44 hips were excluded as a result of less than 2-year followup (either with clinical visits and/or radiographs). Patients who underwent hip resurfacing procedures (seven hips) or a hemipelvectomy (one hip) were also excluded. No patients were treated with Fig. 1 A 40-year-old patient with Crowe 2 left hip dysplasia underwent THA. Note that the patient had a previous pelvic osteotomy and a femoral derotational osteotomy, which may increase the complexity and cost of the primary THA. hemiarthroplasty ( Fig. 2 ). Of the 360 remaining patients with DDH, appropriately matched control subjects with osteoarthritis were found for 354 patients with DDH (84% of the original 515 eligible patients identified in the database as having a preoperative diagnosis of DDH before THA), and this represented the study cohort for patients with DDH. Of the 354 hips, 86 hips had a known history of pediatric treatment for DDH and seven hips had undergone a previous periacetabular osteotomy. Pediatric treatment included 19 closed reduction/adductor tenotomies, 11 open reductions, and 56 acetabular and/or pelvic osteotomies. These hips were included in the study cohort. The remaining 268 patients presented as adults with hip pain and radiographic features consistent with hip dysplasia. Three patients had a concomitant diagnosis of Charcot-Marie-Tooth disease and were included in the analysis. For patients undergoing bilateral THA, only the first hip was included in the analysis. If a patient underwent THA for the second hip during the 90-day postoperative window, this patient was excluded from the analysis because it was difficult to determine the costs associated with each THA.
The 354 patients with DDH were individually matched by age (± 5 years), sex, and calendar year to 1029 patients who underwent primary THA for the diagnosis of primary osteoarthritis ( Table 1 ). The 1029 patients were identified by the longitudinal registry as patients undergoing THA for primary osteoarthritis. A complete review of radiographs and medical records was not carried out for patients in the control group. Differences in mean age and the percentage of female patients were in part the result of ± 5 years agematching where some of the matched patients with osteoarthritis were slightly older than the patients with DDH and differences in number of matches per patient with DDH (ie, we were able to identify on two matches for some patients with DDH and up to four matches for some other patients with DDH). Mean body mass index was 28 kg/m 2 in the DDH group and 30 kg/m 2 in the osteoarthritis group (p \ 0.001). Comorbidities at the time of surgery were defined using administrative data (International Classification of Diseases, 9 th Revision codes) based on the Elixhauser comorbidity categories. Comorbidities were less common among patients with DDH than the matched patients with osteoarthritis (32% versus 40% with comorbidities).
We obtained use and cost data from an institutional research database (OCHEUD), which contains standardized, inflation-adjusted costs for services and procedures billed to our institution's patients [20] . The OCHEUD database contains line item details (date, type, frequency, and billed charge) for every procedure or service billed to our institution's patients. Widely accepted bottom-up microcosting valuation techniques are used to generate standardized inflation-adjusted estimates of the cost of each service or procedure in constant dollars. OCHEUD assigns costs to resource utilization using methods similar Medicare payment models and the same methodology is applied to all patients' services, regardless of payer. Utilization is grouped and costed separately for Part A and Part B items. The distinction is methodological and does not imply that the database covers only Medicare patients. Part A items, which consist of hospital-billed services and procedures provided to inpatients such as room and board, radiology, physical therapy and supplies, are valued by multiplying the billed charge for each item by the cost center-specific cost-tocharge ratio for the year in which the service was delivered. Ratios for each cost center for each year are obtained from published Medicare cost reports. Part B items, which consist of items billed by physicians (eg, examinations and consultations, diagnostic and therapeutic procedures) and ancillary services (eg, laboratory, radiology, physical therapy), are valued using national average Medicare reimbursement rates. The algorithm applies the gross domestic product (GDP) implicit price deflator for all services to express the We grouped costs into clinically relevant categories such as room and board, operating room, anesthesia, implants, other supplies, and physician costs. The time window for cost data was defined as the hospitalization period and the 90-day period beginning 1 day before the THA. We did not control for blood loss or intraoperative technique (use of a surgical drain, intraoperative autologous transfusion, etc). Linear regression models were used to compare length of stay and medical costs and logistic regression was used to compare percentages of patients with complications, all adjusting for age, sex, and calendar year. Our statistical methodology is linear regression, and therefore, it is not possible to generate odds ratios or hazard ratios. Patient characteristics were expressed as means with SDs and frequencies and percentages. Total costs and specific categories of costs were presented as means with SDs. We first examined each Crowe group separately and then by combining groups. Linear models were used to compare length of stay and medical costs and logistic regression was used to compare percentages of patients with complications, all adjusting for age, sex, and calendar year. We adjusted these models for age and sex as a result of slight differences arising from imperfect matching, particularly for age. We did not adjust for comorbidities. The p value was set at \ 0.05 for significance.
Results
After adjusting for age, sex, and calendar year, patients with DDH undergoing primary THA experienced approximately a USD 450 increase in indexed hospital costs than matched patients with osteoarthritis (mean USD 16,949 versus USD 16,485, p = 0.012; Table 2 ). This was mostly driven by operating room costs and implant costs. Operating room costs were higher in the DDH group compared with control subjects (mean USD 3471 versus USD 3417, p = 0.0085) as well as cost of implants (mean USD 3896 versus USD 3493, p \ 0.0001). The total 90-day hospital costs were similar between the DDH cohort and control group (USD 17,353 versus USD 17,355, p = 0.72). In addition, the average length of hospital stay was similar between the two groups (4 days; range, 1-15 days versus 4 days; range, 1-10 days; p = 0.44).
Within the DDH cohort, Crowe 3 and 4 hips (severe dysplasia) had higher indexed hospital costs when compared with Crowe 1 and 2 hips (USD 19,537 versus USD 16,713, p = 0.0001; Table 3 ). Total 90-day cost of Crowe 0 hip treatment was USD 16,590, Crowe 1 USD 16,857, Crowe 2 USD 18,101, Crowe 3 USD 18,296, and Crowe 4 USD 21,517.
A large portion of the increased cost of Crowe 3 and 4 hips was the result of implant costs (USD 4187 versus USD 3884, p = 0.013; Fig. 3 ). Patients with severe dysplasia also had longer hospital stays when compared with Crowe 1 and 2 hips (5 days versus 4 days, p \ 0.001). Furthermore, the total 90-day costs between these two groups of patients with DDH differed as well (USD 19,717 versus USD 17,127, p \ 0.001). With increasing severity (Crowe 0, Crowe 1 and 2 hips versus Crowe 3 and 4 hips), there was increased operating room time, length of stay, and all categories of costs yet, as shown by the range of values, outliers were common in all groups of patients (Table 2) .
There was no significant difference in total complications for patients with DDH during the 90-day window compared with patients undergoing THA for osteoarthritis (11% versus 9%, p = 0.20; Table 4 ). The most common complication was periprosthetic fracture. In the 90-day window, a total of 32 (9%) patients with DDH sustained a bone or periprosthetic fracture as compared with 52 (5%) patients among patients with osteoarthritis (p = 0.023).
Discussion
Although DDH represents a small proportion of THA diagnoses, THA for DDH may require a large healthcare expenditure because of the complexity of these procedures, which may be compounded by the young age of the patients. In this study, we sought to determine the cost of primary THA in patients with a history of DDH compared with age-and sex-matched patients who did not have a diagnosis of DDH. We also examined the cost difference between severely dysplastic hips versus mildly dysplastic hips and the 90-day complications associated with THA in this patient population.
Our study has several limitations. Patients who underwent bilateral procedures were not included in our cost analysis. There is an obvious higher cost for patients who had simultaneous or staged bilateral procedures. Two raters (ANL, AA) evaluated the radiographs for patients with DDH regarding qualification and Crowe classification, but no inter-or intrarater reliability assessment was performed. No radiograph review was undertaken for 1029 control patients. Thus, it is possible that some of the patients with primary osteoarthritis had occult hip dysplasia, which was not detected by our registry. The matched cohort study method selected predominantly young female control patients, and it is possible that some of these control patients had undiagnosed dysplasia. A percentage of the patients with DDH had childhood surgery. The rates of childhood surgery in the primary osteoarthritis group are not known, but presumably would be lower than the rates of childhood surgery among the patients with DDH. Although our bottom-up microcosting methodology is the most accurate costing methodology when detailed line item data are available (which is rarely feasible in other codes appear on more than one line representing more than one surgeon, we reviewed the modifiers (to figure out whether an assistant or a cosurgeon was involved) counted as one per surgery. If a procedure code appears twice with modifiers RT (right side) and LT (left Fig. 3 The cost of THA (hospitalization, operating room, total, prosthesis) was increased in patients with more severe dysplasia. OR = operating room. side), we counted both. Our cost analysis does not include the need for future revision surgeries or contributions from patient-reported outcomes [8, 29] . Our minimum 2-year followup time did not provide enough information to appropriately assess the rate and costs of revision surgery. Furthermore, we only examined the hospital and 90-day direct medical costs associated with surgery and did not include outpatient and indirect costs to the patient such as outpatient physical therapy, lost labor, and rehabilitation center admissions, which can be substantial around the time of THA. All procedures were performed at a tertiary referral center and may not represent the results and costs of DDH treatment at other practices. We found that the hospital cost of THA was approximately USD 450 higher in patients with DDH compared with patients with primary osteoarthritis. To our knowledge, this is the first study reporting on the cost of THA in patients with DDH. There have been numerous studies evaluating the costs of THA as a procedure compared with staged procedures, resurfacing or hemiarthroplasty [3, 5-7, 11, 13, 15, 16, 21, 22, 25, 26] ; however, none specifically looked at the DDH patient population. Other studies have evaluated the quality of life in patients with hip dysplasia treated with THA but have not evaluated costs [2, 8, 29] . Based on our study, we found that patients with DDH who undergo THA have comparable total 90-day costs as ageand sex-matched patients with primary osteoarthritis. Differences in costs were the result of primarily increased operative and implant costs. Gioe et al. reported no improved outcomes with premium implants compared with standard components but did not specifically evaluate patients with dysplasia [11] . Rising implant costs have been associated with the increased cost of THA in general [15] . Specialized implants, however, are routinely used for patients with dysplasia to accommodate a narrowed proximal femoral canal, excessive femoral anteversion, and the shallow acetabulum [28] .
In addition, we determined that patients with severe dysplasia have increased hospital costs compared with patients with mild dysplasia. Contributors to increased costs for patients with severe dysplasia again included length of stay, implant cost, and operative cost. It is well known that Crowe III and IV hip pose specialized reconstructive challenges, likely increasing the cost of care [17, 18, 34] .
Finally, we assessed the rate of perioperative complications within the 90-day window for patients undergoing THA for DDH versus osteoarthritis. We did not find any difference in the rates of complications in patient with a history of DDH compared with osteoarthritis. This is similar to other short-term reports [1] . However, long-term need for revision surgery was not assessed in our study, although other studies have not found an increased rate of revision surgery for patients undergoing THA for dysplasia [32] . There was a decreased rate of periprosthetic fracture in patients with a history of DDH, the treatment of which is known to be very costly [21] .
In summary, patients with DDH have approximately USD 450 higher hospital costs for THA compared with patients with osteoarthritis as a result of higher implant and operative costs. This represents only a small percentage of overall 90-day hospital costs. Furthermore, THA performed for severe Crowe 3 and 4 hips resulted in longer length of stay and higher overall costs compared with THA undertaken for Crowe 1 and 2 hips. There was no detected difference in rates of early complications for patients undergoing THA for dysplasia compared with a matched cohort.
